Complying with good manufacturing practices (GMP) and ensuring a quality system is integral to production and supply of quality medicines and achieving universal health coverage. This study focus on the local production of medicines in Pakistan, a lower middle-income country that has observed considerable growth in the number of pharmaceutical companies over the past two decades. Against this background, we investigated: (1) How is quality assurance (QA) and GMP compliance understood and acted upon by local pharmaceutical manufacturers?; (2) What are the institutional barriers and enablers for QA and GMP compliance in the local pharmaceutical sector from the perspective of key stakeholders?; and (3) What are the institutional barriers and enablers for strengthening local regulatory capacity to improve QA in the industry in the long term? We used a qualitative study design involving 22 interviews of the drug regulatory bodies (n ¼ 9), academia (n ¼ 3) and local manufacturers (n ¼ 10), identifying key themes in data by thematic analysis. Document analysis was used to collect additional information and supplement the interview data. We identified that manufacturing facilities operated under different GMP standards and interpretations, pointing towards an absence of harmonization in quality standards across the industry. Views diverged about the status of GMP compliance, with interviewees from academia presenting a more critical view compared with regulators who promoted a more positive story. Among the barriers explaining why companies struggled with quality standards, the lack of a mindset promoting quality and safety among profit-oriented manufacturers was prominent. At the federal level, DRAP's establishment represented an institutional improvement aiming to promote QA through inspections and guidance. While some positive measures to promote quality have been observed, the need for DRAP to strengthen its technical and regulatory capacity, enhance its engagement in international collaboration and learning, and improve transparency and accountability were highlighted. Overall, since the challenges in Pakistan are shared with other low-and middle-income countries with local production, there is a need to commit to international collaborative mechanisms, such as those lead by WHO, on this issue.
Introduction
Access to essential medicines is one of the six building blocks of the World Health Organisation's (WHO) framework for health systems (WHO, 2010) and universal health coverage (UHC) is a major target of the sustainable development goal 3 on health (UNDESA, 2018) . On the path to UHC, it is crucial for governments worldwide to provide a continuous supply of quality medicines at affordable prices. Globally, the problem of substandard and falsified (SF) medicines is associated with morbidity and mortality, particularly in low-and middle-income countries (LMICs) (Newton et al., 2010; Bassat et al., 2016; Petersen et al., 2017; WHO, 2018b WHO, , 2018d . WHO defines substandard (also called out of specification) products as 'authorized medicinal products that fail to meet either their quality standards or specifications, or both ' (WHO, 2018b) .
The WHO framework for health systems and the WHO Medicines Quality Assurance Programme recommend that pharmaceutical manufacturers comply with quality assurance (QA) guidelines including good manufacturing practices (GMP) (WHO Drug Information, 2017) . QA of medicines is a broad mechanism that guards patient safety by taking care of an extensive range of processes that affect the quality of medicines (WHO, 2018c) . The GMP guidelines cover all manufacturing processes such as quality management, sanitation, hygiene, qualification, validation, complaints, product recalls, self-inspection, personnel, premises, equipment, materials, documentation, production, quality control and more (WHO, 2014a; WHO Drug Information, 2017) . Adherence to GMP is the first step towards ensuring that pharmaceutical products are manufactured and controlled to meet the quality standards set out by the regulatory authorities (Institute of Medicine, 2013) . Adherence to these standards is vital to reduce risk exposure such as cross-contamination and false labelling, and to supply quality medicines to patients (Patel and Chotai, 2011; Geyer et al., 2018) .
Globally, different sets of GMP guidelines or legal standards are available, e.g. by WHO (WHO Drug Information, 2017) , USFDA (U.S. Food and Drug Administration, 2018), EC (European Commission, 2018) and ICH (International Conference on Harmonization, 2019 ). Yet in many LMICs, these standards have not been met by adequate levels of regulatory capacity to enforce them, and their implementation fails to keep pace (Johnston and Holt, 2014; Brhlikova et al., 2015; Pezzola and Sweet, 2016; Roth et al., 2018) . Non-adherence to GMP is a fundamental challenge contributing to the production of substandard medicines, risking adverse public health effects (Chin and Lee, 2008; Institute of Medicine, 2013; Johnston and Holt, 2014; WHO, 2018b ). In the current environment of globalized production of pharmaceuticals, harmonization of pharmaceutical standards is a global challenge (Pezzola and Sweet, 2016) . However, WHO's regulatory systems strengthening team is envisioning a gradual move towards regulatory convergence and harmonization by collaborating with national regulatory bodies (Azatyan, 2017) .
Pakistan is among several LMICs that have experienced considerable growth of their local pharmaceutical industry (Aamir and Zaman, 2011) . The manufacturing facilities produce generics and branded generics, meeting 70-80% of the country needs (Aamir and Zaman, 2011; Atif et al., 2017; Policy Research Institute of Market Economy, 2017) . Previously, studies on drug quality in Pakistan have identified cases where antibiotics have lacked the correct amount of active ingredient and had traces of impurities (Johnston and Holt, 2014) , production errors related to antimalarials (Johnston and Holt, 2014) , and samples of active ibuprofen ingredient indicating low compliance with standard assay values (Babar et al., 2016) .
In spite of the growing number of manufacturers, there is a shortage of literature on major barriers and opportunities to implementing GMP standards and QA in manufacturing facilities in LMICs. There is particularly a lack of research investigating how QA and GMP compliance is understood, experienced and acted upon. Moreover, the key challenges faced by local regulatory institutions when assessing whether locally manufactured products meet internationally agreed quality standards and their perspectives on industry compliance remain poorly characterized. Against this background, three main research questions were formulated for this study: (1) How is QA and GMP compliance understood and acted upon by local pharmaceutical manufacturers?; (2) What are the institutional barriers and enablers for QA and GMP compliance in the local pharmaceutical sector of Pakistan from the perspective of key stakeholders?; and (3) What are the institutional barriers and enablers for strengthening local regulatory capacity to improve QA in the long term?
Materials and methods

Study design
This study adopted a qualitative case study design involving semi-structured interviews and document review. The case in focus was QA and GMP implementation among local pharmaceutical manufacturers, investigated from the experience and perspectives of individuals from local pharmaceutical companies, drug regulatory authorities and academia. To report on the characteristics of the research team, study design and data analysis, we used the COnsolidated criteria for REporting Qualitative research (COREQ) (Supplementary File S1). COREQ enables transparent reporting on
Key Messages
• Local production and regulation of medicines in Pakistan, a lower middle income country, face a set of challenges, despite recent institutional improvements, in following internationally accepted quality standards for production of medicines.
• National regulatory bodies such as DRAP together with other public health institutions play a crucial role in holding pharmaceutical companies accountable for ensuring the safety of their products when bringing these to markets.
• National regulatory authorities in low-and middle-income countries need to commit to international collaborative mechanisms, such as those lead by WHO, to enhance their technical capacity to safeguard availability of quality medicines. This would require increased public investment and strengthening of its own institutional capacity building.
• A synergy between the pharmaceutical industry and the regulatory body to promote information-sharing can play a strong role in encouraging, developing and training in quality assurance, incorporating good manufacturing practices.
various choices important for understanding the study design and the collection and interpretation of qualitative data.
Study setting
This study took place in Pakistan. The main study site was Lahore, where interviews with individuals from local manufacturing facilities and regulators were conducted. In addition, regulators and academics with relevant experience and knowledge were also recruited from Islamabad and Karachi. Data were collected from November 2017 to February 2018. The pharmaceutical sector of Pakistan is ranked 10th largest in the Asia-Pacific region (Atif et al., 2017) . In 2019, the total number of registered pharmaceutical companies was 647 (DRAP Press Release, 2019) . The landscape has changed from most companies being multinational companies (MNCs) in the 1990s to the current situation where only 20-30 are MNCs (Aamir and Zaman, 2011; Policy Research Institute of Market Economy, 2017) . Previously, MNCs dominated the market shares, but recent estimates suggest that local companies meet the majority of the national demand (Atif et al., 2017; Policy Research Institute of Market Economy, 2017) , in part due to some MNCs leaving Pakistan (Aamir and Zaman, 2011; Rashid, 2015; Policy Research Institute of Market Economy, 2017) . The total size of the pharmaceutical market is estimated to be between 1.6 and $3.5 billion (Aamir and Zaman, 2011; Rashid, 2015; Policy Research Institute of Market Economy, 2017) . In comparison, the total global pharmaceutical market has since 2014 exceeded $1 trillion (Statista, 2019) , which means that Pakistan's pharmaceutical market is around 0.5% of the global market. Approximately 50 000 drugs and 1100-1200 drug molecules (active pharmaceutical ingredients, APIs) are registered (Atif et al., 2017) . The industry's own assessment shows that the top 50 companies have 89% and the top 100 companies 97% of the market shares, leaving the rest to compete for a low share of the domestic market (Policy Research Institute of Market Economy, 2017). One explanation for the growth of local companies, despite the low market shares, has been that some companies produce for neighbouring markets (e.g. companies near the border of Afghanistan) (Policy Research Institute of Market Economy, 2017). Other factors explaining the growth of the local pharmaceutical industry, such as publicsector support, were not covered by the literature we reviewed.
The Drug Regulatory Authority of Pakistan (DRAP), established under the DRAP Act 2012, is under the administrative control of the Federal Health Ministry. DRAP is an autonomous body responsible for the enforcement of pharmaceutical regulation in Pakistan under the Drugs Act of 1976 (DRAP, 2019a) . It is responsible for regulating the manufacturing, import, export, storage, distribution and sale of medical products (DRAP, 2019a) . In addition, Provisional Quality Control Boards (PQCB), established in the 1980s under the same act, regulate market surveillance of registered medical products (Atif et al., 2017) . DRAP was established as a result of a tragic incident in 2012 that took >200 lives due to the administration of a substandard antihypertensive drug at the Punjab Institute of Cardiology, in Lahore. Investigational reports revealed that the medicine was contaminated with the antimalarial pyrimethamine due to a manufacturing error (Chaudhry, 2013; WHO, 2013a WHO, , 2018b . Before the establishment of DRAP and its regional offices, drug regulation was under the Ministry of Health (MOH) through a federal medicines regulatory authority, which policy experts argued was performing poorly (Nishtar and Mehboob, 2011) . After the 18th constitutional amendment in 2011, the MOH was dissolved and governance of healthcare systems, including drug regulation, was regionalized to the five provinces (Atif et al., 2017) . Later, the need to establish a federal regulatory body was put forward by the pharmaceutical industry and public health proponents (Nishtar, 2013; Rashid, 2015) . However, the drug regulation landscape, even after the establishment of DRAP in 2012, has according to scholars, remained ineffective and runs in an intricate social, political, institutional and cultural context (Nishtar, 2013; Rashid, 2015; GARPPakistan, 2018) .
Theoretical perspectives
The theoretical underpinnings for this study were gained from reviewing the literature to clarify factors that might explain challenges to QA and GMP compliance and the prevalence of substandard medicines in LMICs, including the political economy of the context in which GMP is implemented. Previously, WHO has reported that factors like inadequate QA during drug manufacturing, the absence or inability of drug regulatory authorities, an abundance of small pharmaceutical producers that overload existing drug regulatory capacity, and high prices and inefficient collaboration among stakeholders lead to production and supply of substandard medicines (WHO, 1999) . Additionally, factors like non-adherence or inadequate adherence to GMP have repeatedly been associated with producing substandard medicines (Caudron et al., 2008; Institute of Medicine, 2013; Kelesidis and Falagas, 2015; Nwokike et al., 2018) . Finally, the WHO Global Surveillance and Monitoring System for SF medical products highlights limited access to medicines, poor governance and insufficient technical capacity as factors underlying the rise of SF medical products (WHO, 2018b) . These pre-identified factors and explanations formed the basis on which we identified the main research questions. Moreover, the knowledge gained from the literature guided us when reviewing policy documents and conducting semi-structured interviews and facilitated our interpretation of the qualitative data.
Study sample
We purposively (Patton, 2002) recruited stakeholders from three different groups of the pharmaceutical sector, who collectively could provide a diverse range of experiences and perspectives to answer the research questions. We defined these stakeholders as follows:
1. the regulatory group, comprised of interviewees from DRAP, drug testing laboratory and PQCB; 2. the manufacturing group, comprised of interviewees from local pharmaceutical manufacturers with knowledge of the QA process, CEOs and members of the manufacturing association (Pakistan Pharmaceutical Manufacturing Association, PPMA); 3. academia, comprised of academics and public health researchers with experience and knowledge of local pharmaceutical policy and practice, and who could provide a more neutral perspective on the questions asked.
The manufacturing group included both large-and small-scale companies. All companies produced for the domestic market and export. The list of potential participants was generated by two sampling techniques as no central register existed from which to recruit and invite participants. First, publicly available websites were used to identify potential interviewees. During this stage, 35 candidates were approached and 15 accepted the invitation to participate. Second, a snowballing strategy was used whereupon the 15 initially contacted interviewees suggested 12 additional interviewees to approach. From this sample, seven more interviewees were recruited, making it 22 interviewees in total. Of these, nine were from the regulatory group, 10 from the manufacturing group, and three from the academic group ( Figure 1 ). The principal investigator (FT) contacted all participants through email and phone calls and conducted all the interviews. Prior to conducting the interviews, written consent was obtained from all participants after a verbal presentation of the project's objectives and the procedures for managing the interview data. The principal investigator FT is a pharmacist with a MPhil in International Community Health. UG is a physician and researcher on health policy and global health governance, including R&D and access to medicines, with prior experience in qualitative methods and primarily supervised FT on the methodological approach. KM is a pharmacist with a master's degree in public health with extensive working experience from all areas of pharmaceutical policy, including the supply chain, access to medicines and developing a methodology to measure medicine prices. KM supervised FT on quality issues, including falsified medicines.
Seventeen interviews took place face to face at the workplaces of the interviewees (lasting 30-60 min), two were conducted via telephone (lasting 30 min), two via Skype (lasting 30-45 min) and one interviewee submitted the response in writing via email. During two interviews with the QA managers at the manufacturing site, their entire QA/QC teams were present (4 and 8 members). All interviews were conducted in Urdu.
The interview guide was informed by a review of the literature on the subject, which helped develop open-ended questions about experiences and perspectives that were considered relevant to help answer the research questions (Supplementary File S2). It was pretested with two experienced pharmacists (academic and industry) to assess the relevance of the questions and was modified after their feedback.
Audio recording of file names, transcriptions translated from Urdu to English, and field notes collected during fieldwork were stored in the researcher's personal password-protected computer, in accordance with the procedures described in the approved application. Transcriptions and field notes were pseudonymized and the key linking audio recordings to the interviewees was kept in an encrypted folder in the computer.
Document review
Document review was conducted to generate insights into the local pharmaceutical practices and the efforts to adhere to national and international standards. Moreover, insights gained from the interviews were compared with how local pharmaceutical regulations and practices were articulated in the policy documents. Regulatory and policy documents were collected from DRAP's website, WHO and other agencies, and documents were also reviewed upon suggestions from the interviewees. The key documents reviewed were: 
Data analysis
The aims of the qualitative data analysis were: (1) to identify common themes from across the three main stakeholders; and (2) to identify contrasting experiences and views on the topics raised across the three main stakeholders. Together, these insights were interpreted to help explain the main barriers and enablers to implementing GMP in the local pharmaceutical industry, and its current QA system. The analytic strategy followed the steps for thematic analysis described by Braun and Clarke (2006) . In addition, it was also inspired by the five-cycle process described by Yin, which follow similar steps to organizing and analyzing the data (Yin, 2015) .
First, all the transcripts were read to get familiarized with the data, to identify immediate prominent findings and make initial notes. Second, qualitative coding was conducted whereupon a code was assigned to a single sentence, several sentences or larger segments expressed by the interviewee. A 'code' in this context can be understood as a concept or a short phrase that summarizes and captures the essence of a phenomenon described by the interviewee that are relevant for answering the research questions. The formation of these codes involved interpretation on part of the investigators. The list of codes was organized in Excel to help identify connections among them (e.g. whether the codes described similar or different phenomena of interest). Codes describing the similar phenomena were grouped together under overarching concepts and themes. Finally, to present the main findings, the identified themes were categorized under one of the three main areas explored by the study: (1) the current situation of QA incorporating GMP; (2) barriers to QA incorporating GMP implementation; (3) enablers to QA incorporating GMP implementation.
For document analysis, all relevant documents were gathered and read. To integrate insights from documents with the interview data, relevant data to compare the findings from the interview was highlighted and organized thematically in Excel.
Ethics
The study obtained ethical clearance from the Norwegian Data Protection Official for Research on 05-08-2017 (Project no. 54772). Local ethical clearance was obtained on 01-11-2017 from Human Ethical Committee, University of the Punjab. Prior to consent, all the participants were informed that participation was voluntary, and that confidentiality would be maintained in publications. All participants consented to the study have been informed that participation was voluntary, and that confidentiality would be maintained in publications.
Results
The thematic analysis of the qualitative data uncovered five major themes responding to our research questions. Coexistence of manufacturing facilities under different GMP standards and interpretations suggest an absence of harmonization in quality standards across the industry Our findings indicated lack of harmonization in quality standards due to different GMP standards and interpretations being in place. The federal enforcement of GMP principles defined in law as Schedule B II under the Drug (Licensing, Registering and Advertising) Rules of 1976 (DRAP, 2019b has been the responsibility of DRAP, which comprise federal drug inspectors and drug testing laboratories. Schedule B II, a set of minimum national standards, is mandatory for all the local pharmaceutical manufacturers. Our comparison of documents suggests that it has not been updated in accordance with WHO's current GMP standards. One academic pointed out that Schedule B II has not been appropriately adapted to the local context and needed revision. In this regard, drug inspectors reported that revising the Act needed time. Hence, they attempt to enforce and the pharmaceutical industry aim to adhere to current WHO standards. They assess the manufacturing facilities based on conformance to current standards through an audit proforma in Schedule B II, which consists of questions about GMP interpreted for the most part from current WHO GMP guidelines. Moreover, they have sporadically proposed statutory notifications (SROs) and amendments to the Drug Act of 1976 to make the procedures easier for the manufacturers, marketers and sellers of drugs. Assurance of maintaining current GMP compliance and quality of the finished products, under the prescribed rules throughout the certified period of 3 years, is the responsibility of the facility.
In addition to WHO guidelines, according to the regulators, other international GMP standards developed by five key bodies such as ICH, EU, USFDA and Australia's Therapeutic Goods Administration (TGA) were also considered as references. Documents such as mainstream media reports revealed that only a few companies followed and more were looking into international GMP guidelines. A concise list of local companies had established facilities that contract manufacture for a variety of international companies as per international standards.
Diverging experiences among stakeholders about the status and knowledge of GMP compliance in the local pharmaceutical industry
At the time of writing, no official report 1 was found on DRAP's website that provided local GMP enforcement and compliance data, but regulators expressed that the standards laid out by the Drug Act 1976 had been inadequately enforced in the past. However, with the substandard drug incident in Lahore, and creation of the DRAP Act of 2012, DRAP had taken steps towards making GMP conformance a legal requirement. This step was thought to protect the market from many local non-compliant companies. The dominant view among the regulators was that the local pharmaceutical sector over time had improved its adherence to WHO GMP guidelines, with many companies attempting to comply with other internationally accepted guidelines in order to remain competitive:
I won't say 100% of the local industry is aiming for GMP accreditation. The older ones are a bit reluctant; they need some time as it is impossible to upgrade conventional facilities. The point is, those who don't want to improve, have no scope left. They will be left behind in the race (Interviewee no. 19, regulator).
Interviewees from the manufacturing group stated that many companies were struggling to conform to the WHO GMP guidelines, reporting that a number of local manufacturing facilities in Lahore had closed. One industry interviewee estimated that the number of local companies with good GMP portfolios, high revenues and substantial resources were not >50. One QA manager of a well-reputed local manufacturer shared views on negligible international accreditation, expressing that 'Quality needs validation. To date, Pakistan's pharmaceutical industry's international validation is limited' (Interviewee no. 5, QA). This view is consistent with several media reports that have highlighted the lack of FDA approved facilities in Pakistan (Khan, 2016) , limited number of WHO prequalified products (Abbasi, 2018) and that the regulatory authority is not a member of the Pharmaceutical Inspection Convention/Cooperation Scheme (PIC/S) (A Reporter, 2018) . Interviewees among manufacturers also informed that most of the medicine exports were to lowincome countries and not to better regulated markets.
Findings obtained from the question about GMP understanding revealed some ambiguity with respect to what substandard products were understood to be. One interviewee from the manufacturing group and one regulator stressed that a slight deviation in physical quality standards should not mean that the product is out of specifications. For example, one of these expressed:
A little more friability or hardness, a slight change in colour, physical state or weight variation and the medicine is considered substandard; this doesn't mean that the drug doesn't have active ingredient (Interviewee no. 16, regulator).
Moreover, these two interviewees stressed that an occasional mistake causing a batch to not meet requirements should be dealt with differently from systematic violations such as consistently having too little active ingredient. They stated that licensed providers that were not fully conforming to WHO GMP were at least complying with some basic manufacturing standards and were not making falsified medicines.
From the perspective of the stakeholders from academia, internationally accepted GMP compliance was considered inconsistent across the country. Only a handful of companies were considered to do exceptionally well in terms of meeting their regulatory obligations. When asked about the main achievements in GMP compliance, it was informed that no breakthroughs have been achieved in the last 10 years except for implementation of a Heating, Ventilation and AirConditioning system and initiation of stability studies. However, our study was not able to verify whether this statement reflected an accurate assessment of local manufacturers' achievements with respect to GMP.
Resource challenges associated with raw materials, infrastructure, technology and technically skilled personnel present barriers to sustainable compliance with and enforcement of quality standards Industry interviewees argued that a substantial amount of continuous investment is needed to upgrade a pharmaceutical facility to meet WHO GMP and QA requirements. In the local sector, finances were limited for the introduction of new technology and upgraded machinery. A representative from academia described this quality vs cost issue as: everybody wants to implement GMP, but money is a barrier. Manufacturers step back when they see the need to invest millions to buy equipment. So, they try finding the middle ground and compromise on this (Interviewee no. 1, academia).
Heavy duties on imported APIs and other raw materials were identified as another barrier by the manufacturers. It was emphasized that most of the local manufacturers import APIs from India and China. Very few were undertaking basic or semi-basic manufacturing as manufacturing raw materials locally was considered too costly. In addition to the operational costs, shipping and transporting APIs were considered resource-intensive, especially for companies away from the ports of Karachi. Apart from expenses associated with the raw materials, affordability of reference standards was another concern for small facilities. An academic with experience of GMP auditing informed:
Local small companies in Lahore (Punjab) cannot afford expensive reference standards. This is a huge financial burden as these companies have few sections; sometimes just one or two. Purchasing the primary standards is a big deal for them (Interviewee no. 3, academia).
General infrastructural issues were also described to be costly for manufacturers. For example, interviewees from the manufacturers reported that frequent electricity breakdowns were a big issue for some manufacturing facilities, except for those that have their own electricity supply, such as Sundar industrial estate in Lahore. Everyday power supply shortages make temperature and humidity conditions fall on either side of the allowed ranges, thereby affecting the products. As a result, owners have to invest in heavy-duty generators-an additional cost to their basic operational expenses-to keep the processes up and running and to avoid undesired production terminations.
Limited financial resources were also a barrier to embracing new technology in some facilities as well as for regulators. Among some local manufacturers, there was limited or no computerized system for e-record maintenance and no internet facility, which delayed updates on new policies and fluctuating market dynamics, and increased vulnerability to human errors. Four QA managers pointed out the administrative challenges with physical documentation of the batches, which sometimes lead to errors in streamlining the batch processing and packaging. On the regulatory side, DRAP officials from the regional office reported that so far, all the records were mainly manual documents.
Finally, a shortage of technically skilled personnel was identified as a significant bottleneck. Among the manufacturers, interviewees reported that technical skills were in shortage and most companies had poorly trained staff. Training and knowledge were primarily only at the managerial level. Many local manufacturers could not afford to arrange advanced-level training sessions for their employees or recruit qualified pharmacists, chemists and technicians and business managers. From the regulatory side, it was informed that even though the field force was increased in 2017, the number of drug inspectors were still insufficient. Accordingly, the market authorizations faced considerable delay. Regarding regulatory expertise, an academician highlighted that professionals working in the drug testing laboratories had limited knowledge regarding use of analytical and testing instruments and equipment.
Many profit-oriented manufacturers yet to institutionalize a mindset promoting quality and safety WHO GMP guidelines emphasize that manufacturers and their top management should establish a quality system within their entities (WHO, 2014a) . However, QA managers and regulators highlighted the lack of an institutional quality mindset as a major barrier. Regulators argued that some pharmaceutical investors showed limited interest in strengthening their QA systems, but rather promoted a profit-oriented approach at the expense of the quality needed to manufacture essential medicines. For instance, a DRAP official described the pharmaceutical investors as businessmen who 'want to opt for low risk investment options' (Interviewee no. 22, regulator). In relation to this, an academic stated:
Investors are not ready to comply with GMP principles to avoid any expenditure on their part and always try to comply at a level where no money has to be paid. For this, they even utilize political pressures, if required (Interviewee no. 2, academia).
Most owners perceive GMP as a one-time process and not as a continuously evolving process that requires up-to-date technologies and procedures. Most QA managers expressed that their departments were progressively playing a crucial role in terms of assuring the quality and safety of the products. However, some managers pointed out that the quality aspect was generally not recognized and at times not understood by the top management and the working staff. In some facilities, owners viewed QA as the job of the QA management alone. There was a lack of authority and ownership of QA and the owners often interfered. One QA interviewee stated that a QA department could only work independently when it was given authority over batch release. This interviewee stated that owners would not allow the QA to stop the production as it was a 'nightmare', i.e. a huge economic loss to them. In relation to validity of records and procedures, a QA manager expressed that process validations or revalidations were not taken seriously at times.
Overall, interviewees from the manufacturing group described experiences confirming the notion of difficulty in maintaining an institutional quality mindset. Interviewees from DRAP and academia reinforced this notion, expressing that acceptability and understanding of the impact of QA was currently lacking among local industry. A DRAP senior official claimed:
There is limited awareness regarding importance of drug quality and safety and less understanding regarding the regulations and rules. Stakeholders should understand that these issues are important and if they want to develop the local industry then an understanding of the rules is very pivotal (Interviewee no. 20, regulator).
Moreover, one academic interviewee pointed out:
Irresponsible attitude of regulators and stakeholders regarding recognition of their responsibility is a barrier; I mean, they are responsible for the health of people, thousands of lives will be at stake if they make one mistake (Interviewee no. 2, academia).
Establishment of DRAP represented a federal-level institutional change that has promoted QA through inspections and guidance, but suffer from insufficient resources to meet the technical and regulatory needs of a growing number of manufacturers and products A strong regulatory system is necessary for the enforcement of QA of medicines. Contrasting views and experiences about the establishment of DRAP were expressed among the interviewees from the three groups. The document analysis of statutory notifications and the interviews with the regulators indicated that the presence of DRAP had triggered QA activity among manufacturers. Newsletters available on DRAP's website, newspapers and interviews with the regulators together indicated that DRAP has taken many regulatory measures, including market surveys, strict check campaigns against SF drugs, and raids to sales outlets and manufacturing facilities. To promote QA, it was aiming towards international best practices for harmonization of regulatory functions. DRAP had mandated an independent head of QA to have a pharmacy degree with significant experience in quality control and testing of drugs. Regulators informed that the regulations concerning QA were more stringent than before. Previously, many small manufacturers would hide the quality errors fearing that inspectors would investigate and close their facility. Now, internal audits and self-inspection had been added in the GMP report and many companies generated their self-inspection reports indicating the cause of quality failure and subsequent corrective efforts. Moreover, they were encouraged to develop corrective and preventive actions (Motschman and Moore, 1999) and perform root cause analysis. At the same time, regulators seemed to give manufacturers time to adapt and make improvements to meet WHO standards. One DRAP official stated that fair time was given to facilities to shift according to the current standards:
A company that has just begun, we can't expect it to reach the level of a top pharma company, or a multinational. It's not possible. We must support our industry. For that, keeping practicality is crucial, we do give some room to such facilities where quality isn't compromised but some improvements are required (Interviewee no. 17, regulator).
In stark contrast to the above, interviewees from academia expressed that insufficient regulatory capacity of DRAP was a barrier to the implementation of GMP and QA. Basic legislation and regulation of quality standards and enforcement capacity of DRAP was described to be weak. One academic highlighted that DRAP's establishment in 2012 was not a watershed event. The interviewee pinpointed a dearth of neutrality and conflict of interest among DRAP officials. No official annual reports were generated by DRAP on its website that stated how the regulators or the industry were performing. Furthermore, no objective information was available in modified form for public accountability.
Communication challenges between DRAP and provincial drug control units were highlighted by two manufacturers. According to the rule, the provincial governments are responsible for the regulation of drug sale only (DRAP, 2019a (DRAP, , 2019b . The manufacturers interviewed informed that the miscommunication had led to mistrust and tension among the manufacturers: a DRAP inspector would suggest that this door should be here and later a provincial inspector would overrule it. These authorities do not communicate with each other to develop a consensus which ends up discouraging the manufacturers as they have to deal with two bodies (Interviewee no. 13, manufacturer).
Another set of shortcomings that were highlighted regarding the market authorizations were backlogs and no clear timelines. Adding to the procedural deficiencies, it was informed that bioequivalence studies were not required for product registration. In addition, flaws in compliance testing by the DRAP such as avoiding assessment of the quality of APIs, and their specifications and standards before registration were highlighted by two academic interviewees:
Assessment and approval of specifications and standards is not being carried out and granted in an appropriate and lawful manner. It is major lacuna being faced by regulators at different levels, e.g. if a firm's medicines are declared substandard, it would approach the courts and would get the relief in its favour after claiming the specifications of its interest. All this is because specifications are loosely covered under current set of regulations in Pakistan and ignored at the time of registration (Interviewee no. 3, academia).
From the manufacturers' perspective, three QA managers pointed out the vague checks on validations, changes to specifications and manufacturing and product development processes by the drug inspectors. Two QA managers reported that the inspectors only infrequently made unannounced visits. Usually, the inspections were planned, which gave some facilities time to minimize their production and focus on cleanliness on the inspection day. Accordingly, the manufacturers' experience seemed to indicate that strengthening the capacity of regulatory authorities is needed.
In recent months, DRAP in partnership with Promoting the Quality of Medicines (PQM) programme has made significant developments to strengthen its QA system and to achieve WHO Maturity Level (ML) III 2 based on global benchmarking tool (GBT), which include Pakistan Drug Testing and Research Centre (PDTRC) accreditation with WHO, membership of international monitoring system for pharmacovigilance, and adoption of Common Technical Document (CTD) format for market authorization (PQM, 2018) .
Discussion
This study highlights several barriers and enablers in implementing and enforcing QA and GMP standards in the local pharmaceutical sector of Pakistan. Insufficient financial resources, limited technologies, and infrastructural, administrative and technical challenges are major barriers to sustainably implementing, enforcing and adhering to quality standards. Previous studies have reported similar barriers (WHO, 1999; Brhlikova et al., 2015; WHO, 2018b) . A recent review by Roth et al. (2018) identified similar challenges among national regulatory authorities in LMICs, which restricted access to quality-assured medical products. Also, coexistence of manufacturing facilities under different GMP standards and interpretations points towards the long-standing challenge of global harmonization of quality standards and regulatory supervision. In this study, one major barrier to QA and GMP compliance was found to be the difficulty of endorsing a culture of quality mindset among profit-oriented local manufacturers in a setting with a rapidly growing economy and low regulatory capacity. WHO's GMP guidance encourages the senior management of pharmaceutical companies to establish a quality principle with 'a comprehensively designed and correctly implemented system of QA incorporating GMP and quality control' to produce quality medicines (WHO, 2007; WHO Drug Information, 2017) . A previous review of GMP for vaccine production in LMICs identified the top management to not fully understand the significance of QA, with senior managers considering these measures an additional expense (Milstien et al., 2009) . Another study highlighted the lack of institutional commitment to invest in QA as a factor hindering the improvement of the quality of medicines for end users (Nebot Giralt et al., 2017) . A previous study in Pakistan has mentioned the reluctance of pharmaceutical investors to invest in additional tests such as stability and validation studies when applying for drug registration (Babar et al., 2016) . At a global level, a study stated that pharmaceutical manufacturers prefer to stick to the 'tried and tested' systems and for them to embrace innovative approaches is hard (Plumb, 2005) . Hence, changing an established mindset seems to be difficult. Interestingly, in addition to perspectives from regulators and academia, our study supplements these previous findings with perspectives from within the pharmaceutical industry. Many of these interviewees provided candid assessments regarding this issue.
It should be noted that the challenge of establishing a quality culture is exacerbated by limited resources, both human and financial. Human resources are critical to implement and oversee essential steps in the QA process such as process validation and enforcement of regulations. WHO GMP guidelines highlight qualified personnel as indispensable to ensure optimal quality (WHO, 2014a). Our study identified limited technical capacity and qualified personnel to be major issues both within local manufacturers as well as within DRAP. Similar findings have been identified in other contexts. For example, a study on the impact of GMP on the local pharmaceutical sector of Nepal identified regulatory and technical incapacity of the manufacturers and the regulators as one of the many barriers in implementing GMP (Brhlikova et al., 2015) . In prior literature, insufficient financial resources have been recognized as an underlying factor limiting the implementation of a fully functional regulatory system and a completely adherent pharmaceutical industry (Caudron et al., 2008; Vian et al., 2017; Roth et al., 2018) . Complying with GMP and assuring quality is an expensive long term and continuously evolving process and requires establishment and maintenance of a QA system. In a highly competitive market where regulatory capacity to oversee and enforce regulations are limited, companies might be tempted to skip certain steps, thereby risking the quality of their products (Milstien et al., 2009; Anyakora et al., 2017) .
Regulatory capacity in LMICs has been reported to be inadequate (Roth et al., 2018 ). Pakistan's drug regulatory system and DRAP have previously been criticized for their institutional deficiencies and for failing to make an impact on the pharmaceutical landscape of the country (Nishtar, 2011; Rashid, 2015; Daily times monitor, 2017) . Among the major issues have been that bioequivalence studies of generic medicines have not been a mandatory part of marketing approval (Babar et al., 2016) . Babar et al. (2016) proposed a range of technical requirements for issuing marketing authorizations for medicines in Pakistan, including bioequivalence studies of already registered generic drugs. For long, facilities for conducting bioequivalence studies were lacking in Pakistan (Hasan, 2013; Junaidi, 2018) . This has improved in recent times with the establishment of a WHO prequalified PDTRC (PQM, 2018) . In our study it was reported that due to issuance of stricter policies against substandard medicines, local companies that are unable to follow international standards are leaving the pharmaceutical sector and blaming the authorities for not being more supportive. In principle, patients are unlikely to benefit from too many companies competing for a small market share. Enforcing QA ensures that patients receive safe and effective quality medicines and builds trust in public health. Ultimately, beyond soft loans and reduction of taxes and tariffs, governments play a limited role in keeping the pharmaceutical business alive. Our study identified measures taken by DRAP to assure quality of locally produced medicines, such as counselling and giving local companies fair time, enforcing an independent QA system and encouraging companies to be above-board, and heading to achieve ML III. Yet the lack of transparency and accountability were highlighted as particularly important shortcomings by academia. These are factors that the WHO Global Surveillance and Monitoring System report 2017 identified to be important for effective management of the production and supply of medical products (WHO, 2018b) . Supporters have emphasized that DRAP is in its early stages and that it takes time to set up its institutions and strengthen its capacity. Globally, national regulatory institutions such as DRAP together with other public health institutions play a crucial role in holding pharmaceutical companies accountable for ensuring the safety of their products when bringing these to market.
At the international level, the WHO Regulatory Systems Strengthening programme has since 2014 worked on developing a unified tool for the benchmarking of national regulatory systems for medicines and vaccines, with a final GBT expected to be finalized in 2019 (Azatyan, 2017) . DRAP is prompting an institutional mindset for quality by aspiring to upgrade its ML to III, and by educating and facilitating the pharmaceutical industry to enhance its compliance with standards and technical capacity (Azatyan, 2017; Drug Regulatory Authority of Pakistan, 2018) . Over time, DRAP should aim towards ML IV. This would require increased public investment and strengthening of its own institutional capacity building. To improve efficiency and enhance quality, there are opportunities for participation in regional and international information-sharing to increase regulatory capacity, such as through the WHO collaborative procedure, which Pakistan joined in 2018 (Azatyan, 2017; WHO, 2018a WHO, , 2019 . It might be worthwhile looking into establishing information sharing through an online platform to facilitate and enhance communication between manufacturers and regulators in order to improve QA documentation and record systems. Here, professional bodies with members from both industry and regulators can voluntarily share successful interventions that play a strong role in encouraging, developing and training in QA, incorporating GMP.
Another international mechanism that could motivate greater investments in QA among local manufacturers is increasing awareness of receiving WHO prequalification for their products, which would enable them to bid for international tenders, receive faster regulatory approval and increase exports (WHO, 2013b (WHO, , 2014b . The Karachi-based company Getz Pharma became the first manufacturer from Pakistan to obtain WHO prequalification for a drug, namely moxifloxacin-an antibiotic in the fluoroquinolone class that is on WHO's list of essential medicines (Abbasi, 2018) . It is worth exploring in the future whether this milestone has motivated other companies to aim for similar standards, and DRAP's activities to promote such efforts.
Limitations and methodological considerations
The data collected for this study was sourced from a limited number of companies from one geographic location (Lahore). Accordingly, the findings of this study might not necessarily represent the experiences of companies in other parts of Pakistan or the local pharmaceutical landscape more generally. The companies that were unreachable might differ in important aspects from those we reached, e.g. that we might have only been informed by the experience of those performing reasonably well. The inclusion of interviewees from manufacturers not only presents a source for valuable insights, but also carries the risk of the study being informed by data with social desirability bias-that interviewees report experiences in a way that place the manufacturers in a favourable light (LewisBeck et al., 2004) . However, our interpretation is that most interviewees presented a candid assessment, including reporting negative experiences and admitting to weaknesses. Regarding the manufacturers represented among the interviewees, it was not investigated what range and type of drugs they were producing and whether they were delivering to the government hospitals. However, during the interviews, they were enquired about the range and essentiality of their products. All the companies were producing medicines for the public sector, in addition to their private consumers.
Conclusion
The local manufacturers and regulators of medicines in Pakistan face, despite recent institutional improvements, a set of challenges in terms of implementing a fully functional QA system incorporating current WHO GMP guidelines. The challenges include limited financial resources, inadequately trained personnel, a dearth of quality-oriented institutional mindset, limited infrastructural and technological advancements, and insufficient capacity at the drug regulatory authority. A profit-oriented mindset among manufacturers without taking the responsibility of implementing a QA system of international standards seriously can have severe public health implications, particularly when regulatory capacity is low. The challenges observed in Pakistan are shared with other LMICs with growing local pharmaceutical production, and the problem of substandard medicines can spread between countries. Accordingly, there is a need to enhance commitment to international collaborative mechanisms, such as those lead by WHO, on this issue.
Notes
1. During the revision of this article, we identified that DRAP on January 18, 2019 released a press report in Urdu on its Facebook page that reports number of registered companies, companies given GMP certifications, samples tested, inspections made, etc. 2. WHO Regulatory Systems Strengthening programme aims to classify regulatory functions using a harmonized and systematic GBT based on four maturity levels (MLs); ML1 and ML2 implies that the regulatory system performs partially, and ML3 and ML4 implies that it is a WHO-listed institution, "operating at advanced level of performance and continuous requirement" (Azatyan, 2017) .
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